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after 20 years’ unbroken 
service “SLUGOIDS"” are 
as popular as ever... 
If you are not getting 
the maximum output 
from your mills, write 
to us. “SLUGOIDS” may 
put matters right. 


SLUGOIDS 


Regd. 532240 


KNOWN ALL OVER THE WORLD 


R S LTD rionessuoucesten 200s, 
PREMIER WORKS 
DLLIPLUS Sones 


phen s ay / Concrere PUBLICATIONS Lro. 14 Darrmouti STREET, Lonvow. » SW W. 1 sa 
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STEIN, 


DATE DUE a 


lets Nos. 1 and 2 will be 
gladly sent on request. 


%& Copies of our Pamph- Ss 
Sant 


JOHN G. STEIN & €° L’? Bonnybridge. Scotland 


Telephone: BANKNOCK 255 (4 lines) 
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8 reasons 
for using 


MAGNECON 
HOT ZONE LININGS 


in your rotary Cement Kilns 


| Are not subject to chemical attack at highest 
operating temperatures. 


Will withstand kiln shut-downs without spalling. 






Will- not disintegrate from thermal contraction. 
Have better than average hydration resistance. 
Will build up coating very rapidly. 


Are able to maintain coating during operation and 
during shut-downs. 





Will give increased cement production per lining. 
Will save maintenance time and cost. 


MAGNECON is recognised in many Countries as the 
ideal basic lining for the production of Portland Cement. 


CONSETT IRON CO. & 


LIMITED 
CONSETT - CO. DURHAM - ENGLAND 


TELEPHONES: CONSETT 34] (I2 LINES). TELEGRAMS: STEEL, PHONE, CONSETT 





68 2a. 
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DAYLOR 


CIRCULAR DUST 
COLLECTORS 





The Mechanism shown above is standard and is robustly bui:t 
for 24-hours’ operation. 


J. DARNLEY TAYLOR LTD. 


undertake the design and installation of complete 
Dust Collection plants, including 
ducting. 


Our machines are extensively used in Packing Plants, Grinding Mills, Screening 
and Crushing Plants, for the collection of Cement, Gypsum, Lime and Stone 
dusts, etc. 


With many plants already giving first-class performances, our Collectors are sold 
mainly on reputation and incorporate cyclone and filter sleeve principles, with 
fully auto-scavenging and rapping cleaning mechanism. 


May we help you with your problem? Write to: 
NESOR HOUSE, 3 CALEDONIAN ROAD, LONDON, N.1. Telephone: TERminus 9454 
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Moving Display 


From every point of view Bowater multi- 
wall sacks are a good investment. By 
varying the number and type of plies, i.e. 
walls, the protection they give can be 
varied to meet all kinds of conditions of 
packing, handling and storage. They are 
ideal for all ‘free-flow’ products. They 
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take up the absolute minimum of storage 
space on the lorry and in the warehouse. 

And, wherever they go, multiwall sacks 
bring your name and the name of your 
product before the public a thousand 
times a day. The services of the Bowater 
Design Studio may be enlisted to make 
your multiwall sacks worthy ‘travelling 
posters’ for your company. 


Stacked on a lorry, 
multiwall sacks look neat 
and efficient, a credit to 
the name they display. 


Wherever they are on show — at 
trade fairs, or on a building site, 
for example — they serve as 
reminders of your name to 
passers-by. 






| Bowater multiwall sacks 
* take your trade-mark 
to faraway places. 








on ee 





Jury, 1956 CEMENT AND LIME MANUFACTURE 





Ground-Rock packer 


The Bowater 7000 F.C. Packer 
is designed to handle low-output 
ground-rock products. It weighs 
and packs simultaneously, in cwts, 
from 3-12 tons an hour according 
to the product. An Avery pre- 
determined scale gives clear 
weight indication, makes manual 
control simple. 





: Light weight answers 


Strong and well-made, Bowater 7-lb, 14-lb and 28-lb bags are 
perfect answers to the demand for smaller packaging units for 
specialised cements and other ground-rock products. This demand 
continues to grow, stimulated by the movement to “‘Do-it-yourself”’. 
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fans 


for all requirements 


AIR CONDITIONING AND 
DUST COLLECTING PLANT 


AIR WASHERS 
AND HEATERS 


PNEUMATIC CONVEYANCE 





A DAVIDSON &CO LTD. 


SIROCCO ENGINEERING WORKS 
BELFAST, NORTHERN IRELAND 


London + Manchester + Glasgow - Birmingham ~- Newcastle-on-Tyne + Leeds + Cardiff 
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Instal a ,,Lepol Kiln” ane 
ho a 






POLYSIUS LTD. 


The Brackens, Ascot / Berks. 
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Battery of twelve 42” High 
Efficiency Cyclones. Sheet- 
ing removed to expose 
cyclones. The Horrocksford 
Lime Co. Ltd., Clitheroe 








DUE Reoaare) 


increases output of 
Cement & Lime Works 


The ‘‘ Visco”? Dust Collecting equipment at the Bold 
Venture Quarry of The Horrocksford Lime Co. Ltd., 
nr. Clitheroe, Lancs, is proving most successful in abolishing 
dust emitted from this large plant and, incidentally, 
increasing output. The dust is collected at strategic points 
by ‘‘ Visco”’ Dust Collectors. Since 1951 we have supplied, 
on the instructions of the Consulting Engineers, Messrs. 
Parry & Elmquist Ltd., seven plants. The last set consists 
of a battery of twelve 42” dia. ‘‘ Visco” High Efficiency 
Cyclones which handles the dust from two limestone dryers. 
‘Visco’? Dust Collectors are in regular use in the most 
up-to-date Cement and Lime Works. So successful has 
this equipment proved that repeat orders for additional 
equipment have been received from many users. 


Ask for ‘‘ Modern Dust Collection”’ List No. 532. 


Consult us on your Dust problem 
Phone: Croydon 4181 


VISCO ENGINEERING CO.LTD. STAFFORD RD. CROYDON 





ALSO MAKERS OF WATER COOLING PLANT AND AIR FILTERS, ETC 
B 
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Specify Vazznz 






ne encinten™ 


For 


¥ 


VENTILATING 
DUST EXHAUSTING 
BOILER DRAUGHT 
FUME REMOVING 
FORGE BLOWING 
FURNACE BLAST 
CUPOLA BLOWING 
HEATING 
COOLING 

DRYING 


Over 3000 fans and ancillaries 


AVAILABLE FROM STOCK 





Publications 20/31 and 25/31 are illustrated 
surveys of ‘Tornado’ Fan Engineering 
Equipment. 20/31 deals with the small to 
medium ranges. 25/31 covers the heavier 
Classes of fan engineering plant. One or 
both will assist you in the selection of 
suitable equipment. 


Keith Blackman 





TA. 9495/727 








Alite 


SUPER REFRACTORIES 
for 
CEMENT & LIME WORKS 


High Alumina bricks and 
special shapes for Rotary and 
Shaft kilns. Full details 
available on request. 


SSSRRSRRR RASH SRE R ERE Eee eE see esas eee EEE ES 


Alite Alumina Refractoriness 
: No. 1 69-72% CONE 37-38 


: B.1 62-64%, 36 
: B. 57-59% 36 
: D. 39-42%, 33 


High-Temperature Insulating Bricks. 
‘““PEER’’ Air-Setting Refractory 
Cements. 
“R” Quality Firebrick for lower 
temperature work and resistance to 
abrasion. 





E. J. & J. PEARSON LIMITED 
STOURBRIDGE, ENGLAND 
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THE HIGH-CAPACITY AUTOMATIC 


VERTICAL 
KILN 


Forty years’ continuing development based on 
the original principle of the patent of 1912 
(then acquired by us) gives us an unequalled 
background of experience. During this period 
output per kiln has increased from 40 to 50 
tons per day up to 190 or even 200 tons per 
day in some cases. 

The introduction from time to time by others 
of designs which have since been discarded has 
served to confirm the correctness of our line of 
development. 

Production of high-quality Portland cement 
clinker is combined with the advantages of:— 
Lower heat requirement of about 1700-1800 
B.T.U. per Ib. of clinker; power requirement of 
only 15-16 h.p.h. per ton; small space require- 
ment of about 10 square yards; easy adjustment 
of output by shutting down for shifts or for 
days and restarting simply by switching on 
Blower; lower initial cost of plant. 





Top of Kiin 


“LOESCHE” KILN 
INSTALLATIONS 
now on order or build- 
ing in Australia, New 
Zealand (North and 
South Islands), Japan, 
and Western Europe. 





Hydraulically-operated discharge chutes 


DELO (ENGINEERS), LTD. 


138 BOROUGH HIGH STREET, LONDON, 8.E.1. TEL. : HOP 0085/6. Teiegrams  Claycomp, Sedist, London. 


ASSOCIATED WITH 
Clayton Equipment Co., Ltd., Hatton, Derby, and Loesche H.u.Z. Dusseldorf, 
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el 
se SHEETS | 


ASIC BRICKS 





Produced in Sheet Steel in all 
thicknesses from 21 gauge to’. 
For easy handling, all products 
are packed in bundles of 25 
or 50 according to weight, 
and marked to customers 


specification. 


s 
PALLET PLA 7E. 
& TUBES 
and ¥ Sau 


SOLE MANUFACTURERS TO THE 
CHROME-MAGNESITE BRICKMAKERS ASSOCIATION 


FLOUCH GARAGE and 
ENGINEERING COMPANY 
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THE CHEMISTRY OF 
CEMENT 


Papers by world-famous authorities 
(together with the discussions) pre- 
sented to the Third International 
Symposium on The Chemistry of 
Cement held in London in 1952. 
908 pages. 
Price by post 62s. 15 dollars in 
Canada and U.S.A. 
Constitution—Tricalcium silicate phase, 
by J. W. Jeffrey (U.K.). Dicalcium silicate 
phase, by R. W. Nurse (U.K.). Interstitial 
phases, by H. Insley (U.S.A.). Ferrite 
phase, by G. Malquori and V. Cirilli (Italy). 
Alkali phases, by T. F. Newkirk (U.S.A.). 
Tricalcium aluminate, by F. Ordway 
(U.S.A.). Constitution of clinker, by R. H. 
Bogue (U.S.A.). 


Setting and Hardening—Structure of 
hydration compounds, by J. D. Bernal 
(U.K.). Reactions and thermochemistry 
of hydration at ordinary temperature, by 
H. H. Steinour (U.S.A.). Hydration at 


elevated temperatures, by G. L. Kalousek 
(U.S.A.). Physical structure of cement 
products and durability, by F. E. Jones 
(U.K.). Chemical aspects of durability of 
cement products, by T. Thorvaldson 
(Canada). 


Special Cements—Constitution of alu- 
minous cement, by T. W. Parker (U.K.). 
Slag cements, by F. Keil (Germany). 
Expansive cements, by H. Lafuma (France). 
Oil-well cements, by W. C. Hansen 
(U.S.A.). Masonry cement, by Charles E. 
Wuerpel (U.S.A.). 


Applications of Research—Thermo- 
dynamics of the kiln, by H. Gygi and F. 
Guye (Switzerland). Influence of the 
fineness of raw mixtures on burnability, 
by T. Heilmann (Denmark). Design and 
construction of concrete structures, by 
A. R. Collins (U.K.). Special uses of 
cement in U.S.A., by M. A. Swayze 


(U.S.A.). 
Obtainable from 


CONCRETE PUBLICATIONS LTD. 


14 Dartmouth St., London, S.W.1 
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Cast, machined, cut and tested in the same 


factory! Unusual; yes, but of vital importance 
in that there is no division of responsibility or 
time wasted in transport. 

These facts, together with the exceptional plant 
and facilities which serve you are your 


guarantee of service, however heavy the duty. 


Bevel gears of 43/46T, 1 D.P., 
134 F being inspected — Sheet 
rolling mill drive for Loewy 
Engineering Co. Ltd. 


DAVID BROWN 


CORPORATION (SALES) LIMITED 
JACKSON DIVISION 


SALFORD WORKS HAMPSON STREET 
MANCHESTER 5 
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[i amount of air penetrating the bed 
of the FOLAX GRATE COOLER can be Other features are efficient heat re- 


adjusted independently of the amount cuperation, air quenching, effective 
of air required for the burning in the cooling permitting immediate grinding, 
kiln, and the cooler and kiln speeds low head room, low power consump- 
are independent of one another. tion and small maintenance cost. 








The FOLAX GRATE COOLER—the cooler with horizontal grate and positive 
conveying of the clinker—is supplied by : 


FL. SMUDTH « CO. io. 


105, PICCADILLY, LONDON, W.I. 


TELEPHONE: GROSVENOR 4100 (17 lines). 
TELEGRAMS: FOLASMIDTH, TELEX, LONDON, 
CABLEGRAMS: FOLASMIDTH, LONDON. 
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The Use of Calcium Phosphate in Rapid-hardening 
Portland Cement. 


_ THE results of a Russian investigation of the addition of calcium phosphate, 


Cas (PO,)., to cement slurry are reported by L. D. Ershov in “ Tsement ”’ (1955, 
No. 4). The following is an abstract of the article. 

Rapid-hardening cement is defined as a cement that develops at one day not 
less than half of its strength at twenty-eight days and at three days not less than 
80 per cent. of its strength at 28 days. It is not likely that any Portland cement 
made to-day has at one day more than 30 per cent. of its strength at 28 days. 

Hastening of the hardening of Portland cement can be achieved in several 
ways. One of these is to increase the rate of hydration by adding to clinker (of 
suitable mineralogical composition) chemicals capable of increasing the reactivity 
of the principal clinker compounds, namely silicates and aluminates of calcium. 
The hydrates of these two compounds, and hydrated lime Ca(OH),, constitute 
the basic end products of the hydration of cement. Consequently, the rate of 
hydration, the rate of development of strength, and other properties of hardened 
cement are a function of the activity of these compounds, and are therefore 
affected by chemical or physico-chemical changes in their properties during 
hydration. 

In order to study separately the effects of these factors and to assess their 
influence on the development of strength of hardened cement, an investigation 
was made on four types of Portland cement, namely, cements with high alite, 
belite, aluminate, and Fe,O, contents. The chemical and mineralogical com- 
positions of the cements, together with their hydration products at ages of one, 
three, and 28 days, are given in Tables 1 and 2. The highest strength at 
28 days was attained by the alite cement, and the lowest by the belite cement. 


(43) 
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TABLE 1. 
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TABLE 2—Calculated Composition of Hydration Products of Main Types of 
Cement (in percentages). 


Products 
of 
hydration 


Ca(OH), 
2CaO. SiO, H,O 
3Ca0.At,0,.6H,O 

CaO. Fe, 0,.H,O 
Undecomposed Clinker 


[Ratton (recent) | tat compound composition (per cent.) 


searseiiramicines rr) F 
CAF | GA+C,AF C.S 1C,S iCyA CA 


Oonoaurtwrnr- 
nanvw vw RD HP > 
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Tables 1 and 2 show that, in the early stages of hydration, the amounts of 
hydrates of lime and calcium silicate are much higher in the alite cement than in 
the other cements. But the contents of hydrated aluminates and of hydrated 
Fe,O, are lower in the case of the alite cement than in the belite and other types. 
This indicates that the relative amounts of hydrated lime and calcium silicate in 
the products of hydration are a criterion of the development of strength at ages 
of one and three days. 

Inasmuch as tricalcium silicate appears to be the main source of hydrated lime 
and calcium silicate in the initial stages of hydration, the percentage of tricalcium 
silicate in clinker or, to be more correct, the ratio of C,S to C,S, is regarded as an 
important factor in the development of strength at later ages. This ratio is 
defined as the “intensity modulus.” The higher its numerical value the better 
the development of strength at later ages. In order that evidence could be found 
for the correctness of the assumption that development of strength is a function 
of the ratio of C,S to C,S, ten clinkers were investigated with intensity moduli 
from 3 to 20. Tables 3 and 4 show that, at 24 hours, an increase in the modulus of 
intensity from 3 to 20 corresponds to an increase in compressive strength of from 
180 to 400 kg. per sq. cm. (2560 to 5700 lb. per square inch). Hence the highest 
possible modulus of intensity is desirable. 


TABLE 4— Strength of Synthetic Clinkers. 






Compressive strength in Kg, per sq.cm. | Tensile strength in Kg. per sq.cm.| 
(tb. per sq.in. in brackets.) (Ib. per sq.in. in. brackets.) 


[ig [Saige [as tine [Tana [Sage [Wie tone | 










No. 
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(5700) |(1eS0) |(9580) |(10,450)] (415) 
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TABLE 5— Effect of P,O; on Strength. 








Compressive strength in Kg. per sq em 
(1h. per aq.in. in brackets.) 















| 535 
(7630) | 
481 | 625 | 
} 
(8900) | 
TAS 
(10,600) 
655 
(9355) 
374 538 
\(7660) 
368 
(5530) 
150 214 
|(3040) | 





107 | 105 | 
(1S 00) 
wt X 
(1025) 












Taking into account the difficulties of making clinker with a high alite content, 
chemicals capable of affecting the rate of hydration were added to the clinker. 
Studies on calcium phosphate, Ca,(PO,),, added to slurry showed that the 
resulting clinker contained higher contents of calcium phosphates, which, either as 
such or in a solid solution with tricalcium silicate, can strongly influence the 
setting and hydration of cement. 

Test data regarding the effects of P,O, on hydration are given in Table 5. 
It was noted that a small amount of P,O, in the clinker had an exceptionally 
great effect on the hydration and development of strength. The addition of 0-2 
per cent. to 0-3 per cent. of P,O, resulted in a threefold increase in strength at 
24 hours, when the strength was such as would be normally expected at seven days 
only. In addition to improving the early strength, an addition of P,O, to the clin- 
ker leads also to an increase in strength at 28 days. 








Production and Consumption of Cement in France in 1955. 


The production of cement in France in the year 1955 increased by about 13 per 
cent. compared with that in 1954, and totalled 10,570,000 tons. The greatest 
monthly production was 1,013,000 tons, and the least 602,000 tons. Factories in 
the Saar produced 290,000 tons compared with 281,000 tons in 1954. Cement 
produced in 1955 in French territories oversea was I,900,000 tons. Imports of 
cement into France increased from gooo tons in 1954 to 15,000 tons in 1955; in 
the same period exports of cement decreased by 15 per cent. to 720,000 tons. The 
estimated consumption of cement in 1955 was 9,750,000 tons in France, 415,000 
tons in the Saar, and 2,900,000 tons in French territories oversea. 


SRA A A ABN Ton a 
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X-ray Study of Clinker Silicates. 


In “ Revue des Matériaux ” for September, 1955, M. Nicholas Yannaquis describes 
an X-ray study of clinker silicates with special reference to differences between 
dicalcium silicate containing other oxides in solid solution, as it occurs in clinker, 
and pure synthetic dicalcium silicate. Tne following is a summary of the report. 

Modifications produced by the solid solution of oxides in the lattice of tri- 
calcium silicate occurring in alite can be considered as fully established since the 
work of J. W. Jeffery, and alite can be identified without difficulty on the X-ray 
powder diagram. Less is known concerning belite. The solubilities of these 
oxides in dicalcium silicate have not been studied, and the modifications in the 
X-ray diagram resulting from such additions are unknown. Clinkers with C,S/C,S 
ratios between 3 and 4 give diagrams of identical overall appearance, and the 
differences depend on a small number of feeble rays. 

Owing to the absence of precise data on the diagram of belite, the tendency 
is to seek the diagram of f-dicalcium silicate unchanged in the clinker. The 
difficulties have been further increased by contradictions between the diagrams 
for B-dicalcium silicate published by various authors. It is possible that the 
variations are due to small quantities of oxides usually added in order to 
stapilise the B form. 

The author’s work was concerned with the changes in the diagram of dicalcium 
silicate resulting from the presence of different substances generally contained 
in Portland cement clinkers. A pure silicate was prepared by synthesis, and three 
methods of extraction of the dicalcium silicate phase from clinker were used in 
addition to mechanical separation. X-ray powder diagrams were obtained for 
these materials with and without various heat treatments. By eliminating or 
decreasing the proportion of the tricalcium silicate phase (alite), the diagram of 
belite became predominant so that this phase, as it occurs in clinker, was available 
for examination. The following methods of removing alite were used: (a) A wet 
method in which the alite was attacked by various reagents, leaving a solid 
residue rich in dicalcium silicate; (b) Thermal decomposition of alite by reheating 
the clinker at temperatures at which this component is unstable, followed by 
solution of the liberated lime; this produced a residue which is theoretically 
enriched in dicalcium silicate by the initial proportion of tricalcium silicate; 
(c) Hydration of the clinker, which occurs preferentially with the alite, giving 
products which act merely as diluents to the remaining dicalcium silicate. The 
diagrams were taken with the apparatus described by A. Guinier (‘‘ Radiocristallo- 
graphie,”’ Paris 1945). 

Two methods were used for preparing a mixture of amorphous silica and 
calcium carbonate suitable for firing to give pure synthetic dicalcium silicate. 
In the first, an aqueous solution of ammonia was added to a mixture of ethyl 
silicate and calcium perchlorate in alcohol solution while carbon dioxide gas was 
bubbled through. This gave a mixture of fine and regular grain size and constant 
composition; it had the disadvantage that the composition could not be determined 
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in advance. In the second method, wnich was adopted, a pure commercial silica 
gel, totally amorphous under X-rays, was ground in water with pure calcium 
carbonate for several days in an all-porcelain ball-mill. The products of these 
two processes were dried in vacuum and fired at temperatures between 950 deg. C. 
and 1200 deg. C. 

For a mixture of the stoichiometric composition C/S = 2, the diagram obtained 
appeared to be characteristic of dicalcium silicate, since the rays of lime and 
silica were absent, and there was no formation of monocalcium silicate or sesqui- 
calcium silicate. Comparison with the most recent data for the «, «’, and y forms 
excludes the possibility of their presence in the product, which is considered to 
be the B variety. Absence of the « and «’ forms is to be expected, since they are 
unstable at ordinary temperatures. It is less easy to‘explain the absence of the 
stable y form and the presence of the 8 form without stabilising impurities. Heat 
treatment between 950 deg. C. and r100 deg. C. for several hours, followed by 
immediate or slow cooling, produced no trace of the y form. However, a brief 
firing at 1525 deg. C., followed by slow cooling, gave the y form almost completely. 
It seems clear that tne diagram obtained was that ot f- dicalcium silicate. 

The intensities of the rays obtained are tabulated beside the results of the 
Building Research Station, of von Euw and of Brownmiller and Bogue. Dis- 
crepancies between the results and those of the last-mentioned are explained 
by increase in definition obtained with the apparatus, so that groups of rays 
appeared in the place of single rays. Von Euw used the same apparatus as the 
writer but iis silicate was quenched from 1450 deg. C. and showed principal rays 
of the y form; in a private communication he reported a diagram substantially 
jdentical with that of the writer which he had obtained by stabilisation with 
chromium trioxide, and the writer confirmed this, quenching from 1500 deg. C. 
The diagram of dicalcium silicate stabilised by boric oxide shows slight modifica- 
tions, and it is possible that in the product used by the Building Research Station 
slight excess of this oxide and lime may have brought about modifications of 
symmetry capable of displacing rays. Stabilisation involving modification of 
symmetry should be distinguished from stabilisation not affecting symmetry. 
Increase in symmetry causes a reduction in the number of intense rays, as well as 
displacements and variations in intensity. 

The potential constitution of the clinker used in all the experiments was: 
C,S, 68-8 per cent.; C,S, 16°94 per cent.; C,A, 5-05 per cent. ; C,AF, 5-08 per cent. 
It was not highly suitable for the chemical-extraction method of separation owing 
to the paucity of C,S, but it was well suited to the heat treatment and hydration 
methods, and it was used throughout for the sake of uniformity. 

The outstanding result of the extraction experiments was the constancy of 
the diagrams of residues from extiaction by such solutions as twice-normal 
aqueous hydrochloric acid, dry hydrogen chloride in alcohol, oxalic acid in alcoholic 
solution, and acetic acid in aqueous buffer solution. The ratio of lime to silica 
was generally reduced but in greatly varying proportions. Presumably the lime 
was removed as soluble salts, and the silica did not show on the diagram since it 
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was in the amorphous form. Attack by dry carbon-dioxide gas gave a residue 
enriched in dicalcium silicate. 

The thermal treatment altered the composition of the clinker to the following: 
C,S, 67-0 per cent.; C,S, 21-2 per cent.; C,A, 5-9 per cent.; C,AF, 5-9 per cent. 
The C,S/C,S ratio was thus reduced from 4:05 to 0:24 by weight. It was necessary 
to carry out the heating at a temperature below that corresponding to the decom- 
position isotherm of tricalcium silicate in the solidification diagram. In recent 
versions of this diagram this line is at 1300 deg. C. to 1250 deg. C., but it is now 
certain that it must be lowered below 1200 deg. C. The additional dicalcium 
silicate was derived from the decomposition of the tricalcium silicate. 

After heating the powdered clinker at 1200 deg. C. for 65 hours, the lime 
liberated amounted to 10-6 per cent. This was removed by solution in glycol, 
and the rays of lime then no longer appeared. A potential content of tricalcium 
silicate of about 20 per cent. still remained, and further treatment at 985 deg. C. 
failed to cause reappearance of the rays of lime. 

Apart from weakened alite rays and rays from constituents such as C,A and 
C,AF, the clinker now showed many rays in common with pure C,S, though with 
minor displacements. 

In the hydration treatment, a 15 per cent. suspension of clinker in water freed 
from carbon dioxide was ground in a ball-mill for many hours. The residue was 
separated, washed with lime-water, and vacuum dried, and the operation repeated 
four times. The diagrams of anhydrous silicates, hydrated lime, hydrated tri- 
calcium aluminate and hydrated monocalcium silicate were superimposed on a 
continuous background due to amorphous silicates. The alite rays disappeared 
rapidly in the early stages of the hydration. Some dicalcium silicate was lost, 
but it persisted even after the fourth hydration. Taking into account the general 
weakening of the rays as the effect of dilution by the hydrated constituents, the 
rays of the remaining dicalcium silicate closely resemble those of the synthetic 
silicate. The y variety of dicalcium silicate appears in the product of the second 
hydration, and ultimately supersedes the 8 form. 

In order to elucidate the origin of the y form, the writer took some of the clinker 
enriched in B-dicalcium silicate by thermal decomposition of the alite from which 
the lime had been eliminated by glycol; this was ground for a long period in a steel 
ball-mill. The diagram of this product clearly showed the rays of the y form, 
but they were broadened by the effect of the extreme subdivision of the crystals. 
This result suggests that the constant fragmentation of the crystals is stopped by 
recrystallization of the fragments by re-agglomeration. The re-agglomerated 
grains have the symmetry of the form stable at ordinary temperature. This 
phenomenon is undoubtedly analogous with allotropic transformations brought 
about during the cold-hammering of certain metals. 

On the diagrams of the hydrated products the lines of the y- dicalcium silicate 
rays were very fine, that is, the crystals must have grown; this needs explanation 
and may be associated with the presence of a liquid phase. 
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Direct separation of the two silicates was carried out by preparing sections 
of clinker in the normal manner for micrographic examination. These were 
polished and etched with a specific reagent for one of the constituents, and homo- 
geneous portions removed with a small chisel under the microscope. The diagrams 
of alite and belite were thus definitely separated although each phase showed 
weakened rays of contaminating traces of the other. The trend of slight dis- 
placement of rays and decrease in their number due to increased symmetry(caused 
by dissolved oxides) in the belite as compared with synthetic dicalcium silicate 
was repeated. Although in these picked specimens the diagrams of the two silicates 
were quite aistinct, save for a few coincident rays, the simplification of the di- 
calcium-silicate diagram in belite is sufficient to cause all but the secondary rays 
to be effaced by rays of alite in the case ot the actual clinker. Thus the estimation 
of the individual silicates in clinker by X-rays is not easy, and, moreover, different 
clinkers give belites with different diagrams according to the content of other 
oxides, particularly alumina and ferric oxide. 

Further attention was given to the question of the failure of 20 per cent. of 
the tricalcium silicate to decompose at 1200 deg. C., and explanation was sought in 
terms of the influence of dicalcium silicate by mass action. A mixture of silica 
and lime, in which the ratio C/S was 2-5, was heated for 30 minutes at 1525 
deg. C. This gave an equimolecular mixture of C,S and y-C,S. When this mixture 
was heated for long periods at 1100 deg. C. there was no decomposition, but merely 
transformation of y-C,S to B-C,S. Heat treatment at goo deg. C. gave the unexpec- 
ted result that about 1 per cent. of lime, which had remained uncombined since 
synthesis, now entered into combination. Explanation of this was found in the 
existence of a point of polymorphic transformation of C,S at 923 deg. C. shown by 
Jeffery. At this temperature the lattice of the substance passes from triclinic 
to monoclinic form, and activation of the lattice in the neighbourhood of the 
point of transition would,favour combination with lime (Bogue). 

It would appear that the lower invariant point of decomposition of tricalcium 
silicate does not really exist but is a property of the tricalcium silicate phase of 
clinker (alite). The tricalcium silicate apparently becomes unstable at a threshold 
temperature of about 1250 deg. C. when small quantities of other oxides occur 
in 1ts lattice; the decomposition ceases for a given value of the ratio of lime to 
these oxides. This interpretation was verified experimentally by treating, for 
long periods at 1100 deg. C., a series of synthetic alites similar to those of clinker, 
followed by variants with other additions. Additions such as iron oxide caused 
increase in symmetry which was associated with ease of decomposition by thermal 
treatment; it 1s probable that the monoclinic form becomes orthorhombic in the 
alites of greater symmetry. 

With regard to the polymorphic transformation of dicalcium silicate, the 
writer started from the accepted criterion of purity of dicalcium silicate (the 
facility with which it can pass from the B to the y form in the course of cooling 
from 1200 deg. C. to ordinary temperature), and applied various thermal treat- 
ments to the synthetic silicate. The following facts emerged: 
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The B form is obtained by synthesis at temperatures between 950 deg. C. and 
1150 deg. C. Subsequent thermal treatment in this range has no effect, and 
neither slow cooling nor quenching alters the result. 

Synthesis at temperatures between 1500 deg. C. and 1550 deg. C., followed by 
slow cooling, gives the y form. 

Transformation from B to y form is favoured by treatment at temperatures 
above 1400 deg. C., but does not occur at all below 1200 deg. C. 

Transformation from y to 8 form occurs reluctantly and partially by treatment 
at the transition point «’—y at about 830 deg. C. to 840 deg. C., but it takes place 
readily on quenching after treatment at 1100 deg. C. 

The general behaviour is such that might arise if there is a critical temperature 
between 1100 deg. C. and 1400 deg. C. which is the upper limit to a zone of stability 
of a variety of the «’ form giving only the B form on cooling. The transition 
a’—y may be reversible only after treatment above 1400 deg. C., while this may 
be sluggish when the silicate has been formed or treated at 1100 deg. C. and the 
transition «’—f8 may then be the effectively reversible one. 

(This work is a’part of the programme of investigation of the Centre of Studies 
and Researches of the Industry of Hydraulic Binders, and was carried out at the 
X-ray Laboratory of the National Conservatory of Arts and Trades.) 








New Cement Plant in Canada. 

Société Anonyme des Chaux et Ciments de Lafarge et du Teil, of Paris, is to 
build a cement works on Lulu Island, in the Vancouver area, with a capacity of 
200,000 tons per annum. The Canadian company will operate under the name 
Lafarge Cement Company of North America, Ltd., at 744 West Hastings Street, 
Vancouver. 

Cement Production in Spain. 


The production of cement in Spain in the year 1955 is provisionally stated 
to have been 3,745,000 tons, an increase of 12-7 per cent. on the previous year. 


New Cement Works in Turkey. 
The cement works at Ankara, built by a German firm, is now in operation. 
It has a capacity of 300,000 tons a year. 
An extension of the cement works at Darica is also now in operation, increasing 
the capacity of this works from 45,000 tons to 300,000 tons a year. 


Cement Production in Brazil. 
The production of Portland cement in Brazil in the year 1955 was 2,692,154 
metric tons, compared with 2,476,995 metric tons in 1954. 


Proposed Cement Works in the Gold Coast. 
It is reported that limestone deposits at Bonyeri have been examined by the 
firm Impresa Astaldi Estero in order to consider the possibility of building a 
cement works in the district. 
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The Properties of Cement Gel. 

In his lecture as reported in our March number, Mr. T. C. Powers, Manager of 
the Research Section of the American Portland Cement Association, said that 
“Cement gels, if they have been previously dried, swell if they are put in water, 
but instead of becoming soft and losing their strength, they swell only « 
microscopic amount and then stop swelling’. As it is known that hardened 
concrete has less strength when it is tested in a wet state than when it is tested 
dry, and because it is generally considered that this is due to softening of the 
gel by water, we asked Mr. Powers if he would comment on this point. His 
reply is as follows. 

“The remarks in my London lecture were offered to illustrate what is meant 
by the term ‘limited swelling gel’, contrasted with ‘unlimited swelling gel’. 
Animal gelatine, for example, when placed in warm water may swell to such an 
extent that it ceases to be a gel and becomes a colloidal solution. Thus, an 
unlimited swelling gel may lose all its strength when wetted. A limited swelling 
gel, of which cement gel is an example, can swell only a microscopic amount, and 
the swelling cannot cause it to become fluid. 

“Tf, with reference to cement gel, I said ‘ The only result is that it swells a 
microscopic amoynt’, I should not have done so, for any amount of swelling, 
however small, must be accompanied by other changes in the properties of the 
material. One of the effects of microscopic swelling is a reduction of strength. 
Our experience confirms yours: dry concrete loses strength when soaked. 
However, it does not lose all its strength as does a gel of the unlimited swelling 
type, and this fact seems to be a demonstration of the existence of inter-particle 
bonds in cement gel that do not exist in gels of the other type. I know of no 
theoretical considerations that would lead one to conclude that wetting a gel 
should strengthen it. 

“To say that wetting causes concrete to lose strength is not to say that a 
given specimen of concrete is always strengthened by drying. For example, a 
plain concrete beam subjected to bending stress may appear to lose strength when 
it is dried. Such loss of strength does not deny the fact that drying strengthens 
the concrete; it is merely evidence of the existence of tensile stress in the outer 
parts of the specimen at the start of the strength test, such stress being transient 
and due to uneven incomplete drying.”’ 








Cement Production in Canada. 

The production of cement in Canada in the year 1955 was 4,500,000 tons, an 
increase of 17} per cent. over the previous year. The amount imported during 
the past year was the greatest since the war, but there was still a scarcity. At 
the beginning of 1955 new cement works were under construction at a cost of 
£32,000,000, and these are expected to have a capacity of 2,100,000 tons. It is 
expected that about a third of these new works will be in operation at the end 
of 1956, and the remainder by the end of 1957. 
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Vickers 
Mills— 


Closed 
Circuit 
Grinding 


B.E. 146 


Though a ‘closed circuit’ 
makes it easier to control 
production to a specific 
fineness, consistent ac- 
curacy depends upon the 
plant being reliable. The 
trouble-free running syno- 
nymous with Vickers mills 
demonstrates, in fact, that there is no 


substitute for skill and experience 


VICKERS-ARMSTRONGS backed by manufacturing capacity. 


(ENGINEERS) LIMITED 


VICKERS HOUSE - BROADWAY LONDON swWi 
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of mill lining complete with 





manhole doors and frames. 
We also make wear-resisting 
castings for many applications 
in gas works, shot blasting, 
coke crushing, mining 


machinery, etc. 
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The Cement Industry in India. 


The following licences for the erection of new cement works and the extension 
of existing works were issued by the Indian Ministry of Commerce and Industry 
during the period March to October 1955. The information given is the name of 
the licensee, the site of the works, and the annual capacity. 

M. Somappa, Yemmiganur Weagers Co-operative Production & Sale Society, 
Ltd., Yemmiganur, Andhra. (Panyam Cements & Mineral Industries Ltd.) 
Panyam Reserve Forest (Andhra). 62,700 tons. 

Krishn Kumar Singbji Cement Co. Ltd., Bhavnagar. Bhavnagar (Sawrashtra). 
265,000 tons. 

Associated Cement Co., Ltd., 121 Queen’s Road, Bombay. Rourkela (Orissa). 
250,000 tons. 

Associated Cement Co., Ltd., 121 Queen’s Road, Bombay. Abu Road, Bom- 
bay. 165,000 tons. 

Shri S. K. G. Somani, Kapur Mahal, Marine Drive, Bombay. Satna (Vindhya 
Pradesh). 200,000 tons. 

Associated Cement Co., Ltd., 121 Queen’s Road, Bombay. Siju in Garo Hills 
(Assam). 165,000 tons. 

Andhra Cement Co., Ltd., 337 Thambu Chetty Street, Madras. Vijayawada 
(Andhra). 66,000 tons. 

Jaipur Udyoy, Ltd., 10 Daryaganj, Delhi. Sawai, Madhopur (Rajasthan). 
198,000. tons. _ 

Associated Cement Co., Ltd., 12x Queen’s Road, Bombay. Kymore (Madhya 
Pradesh). 213,000 tons; coloured and white cement, 25,000 tons. 

Associated Cement Co., Ltd., 121 Queen’s Road, Bombay. Shahabad (Hydera- 
bad). 265,000 tons. 

Associated Cement Co., Ltd., 121 Queen’s Road, Bombay. Porbandar (Saura- 
shtra). 165,000 tons; white and coloured cement, 25,000 tons. 

Associated Cement Co., Ltd., 12x Queen’s Road, Bombay. Madukkaria 
(Madras). White and coloured cement, 25,000 tons. 

Travancore Cements Ltd., 11-12 Second Line, Beach, Madras. Kottayam 
(Travancore Cochin). White cement, 5,000 tons. 

Enquiries relating to these works should be addressed to the Commercial 
Relations and Exports Department, Board of Trade, Room 4138, Horse Guards 
Avenue, London, S.W.1. (Reference CRE 339/55). 


The Indian Minister for Commerce and Industry has announced that the 
proposed State Trading Corporation will shortly take over the import and 
distribution of cement. He stated that demand for cement in India was now about 
900,000 tons a month compared with 600,000 tons a month in the middle of 1955. 
The Government was considering a cement production of 16,000,000 tons by the 
end of the Second Plan. Already licences have been granted for works to produce 
a total of some 12,000,000 tons. 
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Cement Raw Materials in Tanganyika. 
The Tanganyika Department of Mines has prepared a report on deposits of 
raw materials suitable for the manufacture of cement that have been found near 


Dar es Salaam. 


Proposed New Cement Works in Ceylon. 

The Government of Ceylon has decided to add a second kiln to the State 
cement works, and it is reported that a proposal is being considered for the 
erection, by private enterprise, of a new cement works with a capacity of 100,000 
tons. 


Cement Production in the Philippines. 
The production of cement in the Philippines in the year 1955 was 400,000 tons, 
compared with 310,000 tons in 1954. 


New Cement Works in Formosa. 
It is reported that Asia Cement Corporation is to build a cement works at 
Loto Shan, in Kaohsiung. The capacity is to be 100,000 tons a year, and it is 
expected that production will start next year. 


Production of Cement in Colombia. 
The production of cement in Colombia in the year 1955 was 1,041,000 metric 
tons, an increase of 79,000 tons over the previous year and of 169,000 tons over 
the year 1953. , 


New Cement Works in Pakistan. 
The Zeal-Pak cement works at Hyderabad (so named because half the cost 
was provided by New Zealand under the Colombo Plan) started production 
early this year. 


Cement Production in Japan. 

The production of cement in Japan in the year 1955 was 10,499,000 tons, 
compared with 10,640,000 tons in 1954. The capacity of the industry was in- 
creased by the installation of twelve new kilns last year and further kilns are 
expected to be in production this year. 


New Works in Venezuela. 
It is expected that the new cement factory being built in Falcon State by 
Compania Cementos Coro will be in operation by the end of the present year. 
Its capacity will be about 600 tons a day. 


New Works in Assam. 
It is reported that the Skoda concern of Czechoslovakia is to build a cement 
works, with a capacity of 60,000 tons a year, in Assam. 


Proposed New Cement Works in Peru. 
The Compania de Petroleo Gauso Azol, of Lima, is considering the erection 
of a cement factory near its oil concession at Aguascalientes, wnere a deposit 
of limestone has been found. 





Jury, 1956 CEMENT AND LIME MANUFACTURE PAGE xix 


ences tt ent BA NR 





‘GR’ REFRACTORIES 
meet every ROTARY KILN need 


Operational conditions in rotary cement kilns vary 
from plant to plant and because of this it is not 
possible to specify any single brand of refractory 
which is suitable or econumical in all cases. To 
meet the varying requirements of users, General 
Refractories Limited manufacture a complete 
range of refractories including Basic, High 
Alumina, Firebricks etc. Full particulars concern- 
ing all these refractories are available on request. 






The G.R. Technical Organisation is at the servicé Technical information 
of users who may require assistance on the selection on these and other GR 
and application af cement kiln refractories. products sent on request 


GENERAL REFRACTORIES LTD (i) 


GENEFAX HOUSE °° SHEFFIELD 10 °* TELEPHONE SHEFFIELD 31113 
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CTESIPHON 
—the ancient 


building 





CEMENT 


—the modern 
building material 
IN IRAQ 











In a curve of the Tigris just south-east of Baghdad 
lies the works of the Iraq Cement Company, where 
Edgar Allen equipment is installed for the manu- 
facture of cement from local materials. The plant 
includes a 42” x 30” Jaw Crusher and K.B.4 
hammer mill pulverizer for the primary and 
secondary crushing of limestone,, Clay washmill, 
8’ 0” diameter Combination tube mill for wet 
grinding of raw materials, 9’ 0” dia. x 275’ 0” long 
Rotary kiln with enlarged slurry and burning zones 
12’ 0” and 10’ 6” dia. and 8’ 0” diameter Combination 
tube mill for cement grinding, together with 
ancillary equipment. 

Edgar Allen will design and supply cement plants 
for erection anywhere in the world where suitable 
raw materials are available, 







Edgar Allen 


CEMENT PLANT 






AS in aa a el kk ati ee i at A Rl aR eR 


Pee To EDGAR ALLEN & CO. LTD. CLM/ED42 |! 
qd 4 of ae en 0 imi di SHEFFIELD 9 ' 
MODEDIR ae Please send “‘ Choosing a Cement Plant”’ to 


MO a aes RR oe ee 
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